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This document presents a reduced complexity loop filter in order to simultaneously reduce both of blocking and ringing artifacts.  At Portland meeting, a hybrid reduced complexity loop filter coupled with a post filter was proposed and there was the group response to prefer to a low complexity in-loop filter unless noticeable improvement is provided with a post filter. According to the reaction, a new reduced loop filter is addressed. Comparing to Ref. [1], some minor changes are included in this proposal.

The proposed loop filter is performed first across horizontal direction and then the filtered pixels are used for performing filtering across vertical direction. An example is shown to describe the location of the position in Figure 1.
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Figure 1. Example for block location

1. Block Strength and Filtering Condition

The filter process takes place based on 4(4 block boundaries according to block patterns of block1 and block2, and QP value. At first, the condition performing the proposed filter process is described. The block strength used in TML5 is very reasonable since an intra coded block and a block having nonzero transform coefficients include relatively more quantization noise. The blocks require more smoothness in order to reduce the artifact. Also, there is a visible signal discontinuity between high motion blocks. For the blocks, less block strength is assigned. However, assigning block strength for chrominance blocks in our algorithm does not show visible improvement, and therefore block strength for luminance blocks is also used for chrominance blocks. The other reason not assigning filter length for chrominance is that it increases the complexity in determining the filter length for every chrominance signal. As a result, each 4(4 block in reconstructed image is assigned a strength value from 0 and 2. It is

 Each 4(4 of a reconstructed image is assigned St=0
 If a 4(4 block is intra coded or it has nonzero transform coefficients, St=max(St,2)
 If the absolute difference between one of the vector components of block1 and block2 is at least one integer pixel, St=max(St,1)
According to the above definition for block strength, the filtering process may or not take place on 4(4 block. The filter is performed when both St of block1 and St of block2 are not equal to 0 if QP value of block1 is less than 21. For QP value higher than 20, the filtering process takes place when St for block1 or St for block2 is not equal to 0. The reason why such different condition is used is that at lower bite rates or higher QP values more visible discontinuities between blocks are observed. For improving the visual quality at low bit rate, different condition is utilized.

2. Filtering of pixels

Assume that the values of pixels as
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where d and e are block boundary pixels of 4(4 blocks. We assume that block strengths of block1 and block2 are 
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 and 
[image: image4.wmf]2

St

, respectively.

As pointed out in previous section, filtering process takes place when both 
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 is not equal to 0 for QP less than 21, or 
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 is not equal to 0 for QP greater than 20. For performing filtering process, the regularization parameters between pixels are at first determined by

r1=reg(
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r2=reg(
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r3=reg(max(
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r4=reg(
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r5=reg(
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where the function, reg(.) is defined as

reg(St,QP,Diff)=(byte)((256*M(St)*DQP(QP))/(Diff*Diff+M(St)*DQP(QP))

M(St=0)=1/16

M(St=1)=4/16

M(St=2)=8/16

M(St=3)=1

DQP(QP)=676/LQP(QP)

Where LQP(QP) is

	QP
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	LQP
	620
	553
	492
	439
	391
	348
	310
	276
	246
	219
	195
	174
	155
	138
	123
	110


	QP
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31

	LQP
	98
	87
	77
	66
	62
	61
	56
	50
	46
	40
	36
	33
	30
	27
	24
	22


LQP is very similar to AQP defined in TML5. However, some values at high QP (greater than 21) are slightly different. The above regularization parameters are initialized and calculated when TML5 starts, and the values are stored into a Look-Up-Table, so that it is not necessary to calculate the regularization parameters for block-based filtering process. Using the regularization parameters between pixels, c,d,e,f are modified as
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3. Filtering of Macro-block boundary pixels

It is also observed that the discontinuities between macro-block (16(16 block) boundary pixels are more visible than signal discontinuities between pixels based on 4(4 block when QP value is higher than 16. Therefore, in order to improve visual quality, the following smoothing filter is used for block boundary pixels based on 16(16. It is
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4. Experimental Results

The proposed filter has been tested with various pictures, resolution, and bit rates. In order to evaluate it with current TML5 loop filter, PSNR and instructional number performing filtering process are compared. The instructional weights that we define is based on Philips ‘Tri-Media’ DSP processor. Those are

	Data type
	Operation
	Instructional number

	Byte or Integer
	+, -. *
	1

	Byte or Integer
	/
	3

	Byte or Integer
	condition, shift, and extra logical operations
	1

	Floating or double
	+,-,*
	3

	Floating or double
	/
	9

	Floating or double
	Condition, shift, and extra logical operations
	3


Our experimental results show that PSNR of the proposed filter is about 0.2 (dB) lower than TML5 loop filter due to smoothness across moving areas. However, visual quality of the proposed filter is better than TML5 particularly in moving areas. The major gain of the proposed filter, the complexity, is dramatically reduced. It is about 35(%) of TML5 loop filter for high bit rates, and about 45 (%) for low bit rates. Detailed R-D curves and complexity curves as a function of bit rates are described in VCEG-L21.xls. 

 Filtering processing and its relevant operations are in taking account of operational number.

 PSNR loss between QP=21 and QP=26 are coming from over-smoothness (increase of displaced frame difference) in order to reduce ringing or mosquito artifacts. If less-smoothness is imposed for the QP values, PSNR loss can be reduced (It can be adjusted).

[image: image17.png]
 Since the current filtered pixels are not used for obtaining the next filtered pixels, maybe parallel processing is possible.
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